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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The increasing water scarcity and water pollution control efforts in many countries have made treated
municipal and industrial wastewater a suitable economic means of augmenting the existing water
supply, especially when compared to expensive alternatives such as desalination or the development
of new water sources involving dams and reservoirs. Water reuse makes it possible to close the water
cycle at a point closer to cities by producing “new water” from municipal wastewater and reducing
wastewater discharge to the environment. The reuse of treated wastewater could be also a beneficial
solution to improve water body’s quality, such as for example avoiding wastewater treatment plants
discharge upstream sensitive areas (shellfish aquaculture area, swimming area)

An Jmportant new concept in water reuse is the “fit-to-purpose” approach, which entailsthe production
of reclaimed water quality that meets the needs of the intended end-users. In the situatien of reclaimed
water for irrigation, the reclaimed water quality can induce an adaptation of the type of plant grown.
Thys, the intended water reuse applications should govern the degree of ,wastewater|treatment
reqpired, and inversely, the reliability of wastewater reclamation processes afid‘operation.

Tre
var
irri
gro
dirg

hted wastewater (TWW, also referred to as reclaimed water or recycled water) can Qe used for
ous non-potable purposes. The dominant applications for the use-of TWW include agricultural
bation, landscape irrigation, industrial reuse and groundwater¢recharge. More recent gnd rapidly
lving applications are for various urban uses, recreational and énvironmental uses and ipdirect and
ct potable reuse.

Agrficultural irrigation was, is and will likely remain the largest TWW consumer with

benlefits and contribution to food security. Urban water.récycling, in particular landscape
is characterized by fast development and will play a erucial role for the sustainability of @
futdre, including energy footprint reduction, humanwell-being and environmental restorati

Fecognized
irrigation,
ities in the
on.

vastewater
the water
for health
d, the soil

The suitability of TWW for a given type of reusé/depends on the compatibility between the v
avajlability (volume) and water irrigation. demand throughout the year, as well as on
quallity and the specific use requirements:\Water reuse for irrigation can convey some risks
and environment, depending on the water quality, the irrigation water application meth

cha
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imp
Thd
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aut

Facteristics, the climate conditions and the agronomic practices. Consequently, public
ential agronomic and environmental adverse impacts need to be considered as priorit
he successful development of\water reuse projects for irrigation. To prevent such potent
acts, the development and.application of international guidelines for the reuse of TWW i

main water quality factors that determine the suitability of TWW for irrigation ar
fent, salinity, sodicity, specific ion toxicity, other chemical elements and nutrients. L
norities are respensible for establishing water quality threshold values depending on
5 and they are’also responsible for defining practices to ensure health and environmental
ng in acceunt local specificities.

m angagronomic point of view, the main limitation in using TWW for irrigation aris
ity.\Ireated wastewater, unhke water supplied for domestic and industrial purposd

health and
y elements
ial adverse
5 essential.

e pathogen
cal health
Quthorized
protection

bs from its
s contains

g ) s, sodium,
chloride, boron, heavy metals), Wthh can damage the soil and 1rr1gated crops As dlssolved salts are
not removed by conventional wastewater treatment technologies and appropriate good management,
agronomic and irrigation practices should be used to avoid or minimize potential negative impacts.

The presence of nutrients (nitrogen, phosphorus and potassium) can become an advantage due to
possible saving in fertilizers. However, the amount of nutrients provided by TWW along the irrigation
period is not necessarily synchronized with crop requirements, and the availability of nutrients
depends on the chemical forms.

This document provides guidance for healthy, hydrological, environmental and good operation,
monitoring and maintenance of water reuse projects for unrestricted and restricted irrigation of
agricultural crops, gardens and landscape areas using treated wastewater. The quality of supplied
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TWW should reflect the possible uses according to crop sensitivity (health-wise and agronomy-wise),

water sour

ces (the hydrologic sensitivity of the project area), the soil and climate conditions.

This document refers to factors involved in water reuse projects for irrigation regardless of size,
location and complexity. It is applicable to intended uses of TWW in a given project, even if such uses
will change during the project’s lifetime; as a result of changes in the project itself or in the applicable

legislation.

The key factors in assuring the health, environmental and safety of water reuse projects in irrigation

are:

ensurqg

ibility between the TWW quality, the distribution method and the intended'soil and crog
a viable use of the soil and undamaged crop growth;

— compatlibility between the TWW quality and its use to prevent or minimizepossible contamina

of groy

This docur
better adaj
itisrecom
use commu

Indwater or surface water sources.

hent is not intended to prevent the creation of more specific standards or guides which
bted to specific regions, countries, areas, or organizationsfsuch documents are publis
mended to reference this document to ensure uniformitythroughout the treated wastew
nity.
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Scope

5 document provides recommendations regarding:

monitoring the quality of treated wastewater (TWW) for irrigation;
monitoring irrigated plants;

monitoring the soil with regard to salinity;

monitoring natural water sources in neighbouring environments;
monitoring the quality of water in storage reservoirs.

Lits emphasis on sampling methods and their frequency. Regarding the methods of an
ument refers to standard methods or, where notavailable, to other bibliographical referg

E In cases where a monitoring plan already exists, these recommendations can be integra

. This is notably the case when a broader approach of risk management is implemented, such 4§
ty plans (serving as a model for sanitation safety plans) developed by WHOLel,

Normative references

following documents are «eferred to in the text in such a way that some or all of th
Stitutes requirements of 'this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

20670, Water reuse=- Vocabulary
16075-1, Guidelines for treated wastewater use for irrigation projects — Part 1: The basi

ect for irrigation

Terms definitions, and abbreviated terms

alysis, this
nces.

ed into this
s the water

bir content
pplies. For
[s) applies.

5 of a reuse

3.1

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 20670 and ISO 16075-1 apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/
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3.2 Abbreviated terms

BOD biochemical oxygen demand

CFU colony forming units

CoD chemical oxygen demand

DO dissolved oxygen

HDPE high-density polyethylene

PP polypropylene

QA quality assurance

QC quality control

SAR sodium adsorption ratio

SS suspended solids

TKN total Kjeldahl nitrogen

TP total phosphorus

TSS total suspended solids

TWW treated wastewater

VOC volatile organic compounds

ww wastewater

WWTP wastewater treatment plant

4 Monitoring of the quality of TWW for irrigation

4.1 General

The develdpment and implementation of an appropriate monitoring strategy is a crucial step for|the
health and environmental safety of water reuse projects. This compliance monitoring is performed
usually at the outletefithe wastewater treatment plant.

Monitoring can{be undertaken for a range of purposes, and for each specific objective, diffefent
parameterf anay be selected. For example, water quality monitoring can be implemented for|the
following purposes:

a) human health protection: monitoring programmes include selected microbial indicators at
concentrations that depend on health risk (risk of direct contact, risk related to the type of crops,
etc.), as well as few other parameters, which indicate the reliability of operation of the wastewater
treatment (e.g. turbidity, suspended solids, BOD, residual chlorine, etc.);

b) prevention of adverse effect on crops: monitored parameters (named also agronomic parameters)
include nutrients, soluble salts, sodium, trace elements, etc.);

c) prevention of adverse effects on environment (natural water sources and soil);

d) prevention of clogging of irrigation system, e.g. drip and sprinkler irrigation.

2 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=9a0a8aafa7b8e7f109fd5b3fc103ff40

ISO 16075-4:2021(E)

The selection of sampling points to control water quality and treatment performance, named
“performance control points”, should depend on the type of application and the level of health and
environmental risks.

The key water quality control point should be located at the outlet of the wastewater reclamation plant.
Sampling at the plant outlet should follow ISO 5667-4.12] Treated wastewater should be monitored either
through grab sampling or composite sampling (see below), depending on the monitored parameters.

Composite samples (as a rule for 24 h using refrigerated equipment) are very important for
relevant monitoring of physico-chemical parameters as they represent the average quality of TWW.
Microbiological parameters, dissolved oxygen, pH and temperature should be monitored in grab
sanjples in situ, if possible during diurnal peak flow.

Simfilarly, the sampling frequency of other parameters related to prevention of adverse|effects on
crops, soils and environment should be adapted to risk associated with sensitive creps‘and/¢r sensitive
envlironment (e.g. shallow aquifers used for potable water supply), and/or specifi¢irrigation equipment.
The decision about the sampling (composite or grab) for these parameters should also take ifto account
the(daily variations in raw wastewater.

4.2] Sampling procedure

4.2]1 General

Degending on the type of the monitored parameters, there ‘€xist some basic sampling rule§ described
in gtandard methods and International Standards for‘water analysis or some specific| analytical
profedures defined by certified laboratories.

Sanppling of TWW for irrigation should follow the list below:
— | The sampling should be done by skilled employee.

— |The type of samples can be either grab or composite samples to be used for water quality nonitoring
depending on the final objectives,

— | All samples should be well labelled, indicating the type of water, site location, date, tim¢ and other
pertinent data,

— |Sampling frequency sheuld be defined by water reuse granted permit,

— |For better plannintg@and management of the irrigation scheme, seasonal samples should be taken
depending on-s€asons in the concerned region, in order to obtain representative data on the
variation inowater quality, in particular nitrogen and salinity,

— |The bagseline monitoring for human health protection should be undertaken by samgling at the
outletof'the treatment facility (see ISO 16075-2:2020, Table 1 [1]).

To ¢hieeK the reliability of operation of treatment processes, additional sampling points maly be added
whammmmmmmme—l, - :

— For verification of potential contamination or regrowth in storage reservoirs and/or distribution
network, additional control points for sampling can be established as a function of the final use, site
location and irrigation method, to verify potential contamination or regrowth in storage reservoirs
and/or in the distribution network.

— Bottle type should be determined according to the parameters tested. It should be taken into
account that some types of glass bottles yield boron to the samples and to prevent it high-density
polyethylene (HDPE) or polypropylene (PP) bottles with double caps or self-sealing caps may be
used.

As the sample quantity depends on the type of analysis to be performed, for the analysis of the
basic water characteristics and the main anions and cations, 1 1 of sample can be sufficient.

© IS0 2021 - All rights reserved 3
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by means of plastic gloves or using other protection.

Sampling and handling should be done safely with suitable precaution to avoid disease transmission

Quality control samples should be collected as part of any routine sampling programme. Sampling and
handling of raw wastewater and treated wastewater should follow Table 1.

Table 1 — Recommendations for sample preparation and conservation

Parameter Type of bottle Addition of Conservation Comments
chemicals
Anions an cations 11HDPE or PP Nao additive narlz’ 4.°C Tnmpnrafnrn’ p” and

(chloride, splfate), as
well as gengral physico-
chemical parameters
(pH, suspemded solids,
conductivify, turbidity)

bottles with double

caps or self-sealing
caps, with or
without air

dissolved oxygen shmlld
be measured onrsite.

eters (total and faecal
coliforms, helminths,
viruses, or other addi-
tional microbiological
parameters)

HDPE or PP bottles
with double caps or
self-sealing caps bot-
tle, with air

Phosphoru and 11 HDPE or PP H,SO, to pH =2 Dark, 4 °C
N Kjeldahl bottles with double
caps or self-sealing
caps, with or
without air
Boron 100 ml HDPE or PP | HNO; to pH =2 Dark,4 °€
bottles with double
caps or self-sealing
caps
CcoD 100 ml HDPE or PP | H,SO, to pH =2 Dark, 4 °C No additive is needed|if
bottles with double the samples are analysed
caps or self-sealing within 48 h.
caps, no air
BOD 500 ml HDPE or PP No additive Dark, 4 °C Na,SO0; should be usel
bottles with double for dealing with samplles
caps or self-sealing with residual chlo-
caps, no air rine. Sample should b¢
Preserved and added
seed for chlorinated ajnd
dechlorinated wastewa-
ter samples.
Trace elemg¢nts and 250 mI'HDPE or PP | HNO; to pH =2 Dark, 4 °C A special bottle [suchfas
heavy metgls bottles with double polytetrafluoroethylene
caps-or self-sealing (PTFE)] and additive gre
caps, with or needed for the analys]s
without air of mercury (Hg).
Trace organics and pes;' | 11dark glass bottle Ascorbic acid Dark 4 °C
ticides or PTFE bottle, no air | (1000 mg 1-1) if
rinsed with organic |residual chlorine
solvents is present
Microbiological param- 11to 51sterile No additive Dark, 4 °C Additive of sodium

thiosulfate at a well-de-
fined concentration is
mandatory in presence
of residual chlorine and
recommended in all
cases.

4.2.2 Sampling from an irrigation system

Water quality should be checked by the end user according to the following procedure:

a) Turn on the irrigation system until the system operates to full designed pressure and let the system
irrigate until the pipes have flushed of all stagnant water from the previous irrigation event.
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b) Collect a sample from a tap located at the entrance to the irrigation system or from an irrigation
emitter (a sprinkler, micro-jet or a dripper).

c) The water sample should be collected in bottles as provided or recommended by the analytical
laboratory or procedure and the parameters to be tested (see Table 1). For bacterial sampling, a
sterile bottle should be used. Write all necessary details on a sticker attached to the bottle (name,
address, date, location, etc.) and seal the lid.

d) Preserve samples according to standard laboratory practice and transport them to an analytical
laboratory within the time period recommended for the analysis (see Table 1).

e) [Water sampling should not be taken when fertigation (lertilization through irrigation) is taking
place.

For|more information about sampling from an irrigation system, see ISO 5667-10[3],

4.213 Sampling from a storage reservoir

To evaluate a potential evolution of treated wastewater quality during storage, a sample from the
storrage reservoir should be taken.

The best way to measure the quality of TWW that was stored in a réservoir is by sampling the TWW at
appropriate sampling point situated at the exit of the reservoir's pumping station.

In periods of no irrigation from the reservoir, the sample ‘should be taken directly from the storage
res¢rvoir, according to the following procedures:

a) |Itis recommended to take the sample as close asp@ssible to the pumping point;

b) [Avoid sampling downwind to prevent the collection of floating materials (plant or algae residues)
transported by water waves to the downwind side of the storage reservoir;

c) |Attach an empty bottle to the sampling-pole;

d) |Lower the bottle so that the neck'is submerged in the storage reservoir to a depth of apout 10 cm
and fill the bottle;

e) |Remove the bottle from the storage reservoir, seal it and label the bottle;

f) |Preserve the samplévif required or refer to Table 1 to determine if and what preservative is
required. Store the~sample and take them to the laboratory within the time period recommended
by the analyticallaboratory or procedure (see Table 1).

For[more information about sampling from a storage reservoir, see ISO 5667-412],

4.2/4 Composite sample

To ¢Havacterize TWW at the outlet of the treatment plant in order to take into account the fluctuations
of WW quality, a composite sample should be taken.

Composite sampling should be taken within a 24 h duration.

A refrigerated automatic sampler should be used.

4.2.5 Sample handling

Samples should be kept in a thermally insulated container and delivered immediately to the laboratory.
If the samples cannot be delivered immediately, they should be temporarily stored in a refrigerator at
4 °C.

For more information about sample handling, see ISO 5667-1[4.
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4.3 TWW monitoring plan

The plans presented in Table 2, Table 3 and Table 4 serve as examples of the monitoring frequencies to
characterize TWW used for irrigation. The tables include the parameters to be tested, and the sampling
frequency of the TWW flowing to reservoirs, directly to irrigation or from reservoirs. The monitoring
plan should be adapted to the local conditions of each region.

Table 2 — Examples of monitoring frequency at the outlet of the wastewater treatment plant
(health-related parameters)

Monitored Monitoring frequency by quality categoriesa
parameters Category A Category B Category C Category D CategoryH
Thermo- Daily to weekly | Weekly to twice | Twice amonthto| Notrelevant Notmrelevanit
tolerant a month monthly
coliforms
(see ISO 16P75-2)
Intestinal Not relevant Not relevant The frequency The frequency The frequengy
nematodes|(hel- will be deter- will be deter- will be detef-
minth eggsp)[=] mined according | mined aecording | mined accordjng
to the number of | to the iumber of | to the number of
helminth eggs in | helminth eggs in | helminth egg$ in
the wastewater | the wastewater | the wastewater
TSS¢ Weekly Weekly Monthly to once”| "Monthly to once | Monthly to orjce
every 2 months Y| every 2 months | every 2 mont[hs
Residual cHlorine | Continuous or Continuous or Not relevant Not relevant Notreleva
daily daily
Turbidity Continuous Not relevant Not relevant Not relevant Not relevar{t
BOD Weekly to twice | Weekly to twice | Menthly to once | Monthly to once | Monthly to once
a month amonth every 2 months | every 2 months | every 2 months

a  Monitor]
and irrigatiq
into account

b Althoug]
TWW is reg
most reliabl
and the effig
therefore, cg
not always v
a month to d
extended tin
(helminth e
wastewater

¢ For greg
less than 1 0

ing frequency may be increased or decreased according to local conditions, e.g. irrigated crops, climateroil
n technique. If frequency is increased or decteased, the fluctuations in water quality in WWTP should be t

h helminth eggs are of concern with respect to TWW applied to agricultural crops and their concentratiop in

lated in many countries, there is.Jittle consensus among researchers, regulators and practitioners about|the
b method for measuring them in'water samples. Large sample volumes need to be filtered to collect the ¢ggs
iency in recovering the eggs§ fyom the filter is often poor and the helminth eggs differ in shape and size
n only be identified by pyoperly trained people. Additionally, eggs contained in even untreated wastewater|are
iable. To verify if the eggs-atre viable, they need to be incubated at a specific temperature and moisture leve
etermine if they deyvelep’into larva. The combination of difficult and imprecise analytical procedures, and|the
he necessary to carry-out the analysis, makes this an undesirable monitoring parameter. Intestinal nematqdes
bgs) might notde routinely monitored if it is demonstrated that the number of helminth eggs in untregted
is consistently;below 10 eggs/1. See 1SO 16075-2:2020, Table 1[1],

nhouses,\when there is a risk of aerosolization , the monitoring may include Legionella, spp, which shoulgl be
00 CFY.Isd

ken

nd,

for
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Table 3 — Examples of monitoring frequency at the outlet of the wastewater treatment plant

(agronomic parameters)

Monitored parameters Units

TWW monitoring frequency? b

Electrical conductivity in the water (EC,, )¢

dSm™!

Moderate frequency (once every 2 to 6 months)¢

Bo

rond f mg 11

Moderate frequency (once every 2 to 6 months)¢

Nutrients
TK
Amjmonia nitrogen
Nit
Nit
Tot
Tot

1

Al

Fites mg 11 Moderate frequency (once every 2 to
Fate-nitrogen
pl nitrogen

al phosphorous

b months)

Ma
(N4

or solutes

Moderate frequency (once every 2 to
, Ca, Mg, K, Cl, SO4, HCO5, CO5)

mg -1

b months)

Tr

(Al

Pd

P

q

ce elements

AS' Be! Cdl Crr CO; Cu, F, Fe, Ll, Mn’ MO’ Nl’
Se, Sn, Ti, W, V, Zn)e £.8

mg 11 Low frequency (once every 1 to 5

)

years)

a

b

stal
ino

C

mol

Monitoring frequency should be adjusted to local conditions, e'gfirrigated crops, climate, soil and irrigatig

Monitoring frequency depends on fluctuations in a parameter's concentration. If the parameter's con
le, monitoring frequency can be decreased. At the beginnihg of a new project, high frequency of monitori
rder to identify the parameters with high variability and considered problematic for TWW use in local con|

If after the frequency was decreased, fluctuations are observed in electrical conductivity, chloridg
hitoring frequency should be increased again.

Monitoring frequency of boron should be adjusted to the project needs.

Frequency should be once a year to evéry five years. If industrial TWW are used, monitoring frequen
eased.

If TWW from animal source apexised, monitoring frequency of zinc, potassium and boron should be incre3

Sampling frequency for tracejelements should be in accordance with the source of the wastewater flow
tment plant. If industrialywastewater or agricultural wastewater is flowing into the treatment pla
uency should be twicé-te thrice a year. If the treatment plant does not receive industrial wastewater or
tewater, then the sampling frequency may be once a year to every five years, as stated in the table.

n technique.

entration is
hg is needed
Hitions.

or sodium

y should be

sed.

ing into the
it, sampling
agricultural

Table 4 —+Examples of TWW monitoring frequency at the outlet of reservoir duri
irrigation period (health-related parameters)

hg the

Monitored Monitoring frequency by quality categories?

parameters Category A Category B Category C Category D Cat

egory E

Thermo-tolerant
coliforms

Monthly to once
every 2 months

Monthly to once

every 2 months Not

Monthly Not relevant

relevant

Re

chlorineP

Continuous or
daily

Continuous or
daily

sidual

Not relevant Not relevant Not

relevant

a

b

Monitoring frequency should be adapted to the retention time in the reservoir. The longer the retention time, the lower
the frequency.

Monitoring of residual chlorine should be done only when there is additional chlorination at the outlet of the reservoir
that is intended for health protection and for maintenance of the irrigation equipment (See ISO 20419:2018)el,
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4.4 Analytical methods for TWW

Where no national standards exist, international or regional standards may be used, or reference may
be made to recognized analytical procedures [Z],

5 Monitoring of the irrigated crops

5.1 General

Plots irriga ted with TWW should be monitored fhrmlgh the cropin one ofthe fn”nv\n'ng ways:

a) visualdetection of deficiency or excess of elements in the crop, or

b) analysjfs and examination of any part of a crop.

Visual method might not be sufficient to detect/prevent salinity or toxicity damagé\to the cropp or

avoid yield|loss. The same applies to deficiency in nutrients.

Laboratory
determinir
(nitrogen, |

r analysis should be performed on a leaf or petiole sample, since thej)analysis is capable of
g toxic ion concentration (chloride, boron, sodium), as well as crep-hutrients concentration
bhosphorus, potassium and micronutrients).

For perenmnial crops, the results obtained in the current season ate ‘applicable in determining|the

fertilizatiop programme for the following season.

Annual crg the

laboratory

ps should be tested immediately, but this requires rapid organization and availability of]
to determine the results quickly while they are relévant to the current crop season.

5.2 Frequency of monitoring

5.2.1 Fie¢ld crops and vegetables

for

Frequency
the crops

concentrat
the growin
irrigation ¢

5.2.2 Pe

The conce
the year fo
Each crop

the fruit ha

of field crops and vegetables monitoring should vary with the crop and the suitability
pf reference curves linking between the phenological stage of the crop and the expe
ion in the leaves or other plant part. Thus, samples can be obtained at various times du
g season. The frequency-should vary with the crop and the ability to use the data to cor
nd fertilization management immediately during the current growing season.

rennial crops

tration of.eléments in the leaves should be determined by sampling leaves at the tim

which there are reference data regarding the optimal concentration expected for the c
has itstecommended sampling and analysis period. In general, this period should be clog
rvesting.

ted
ing
rect

e of
Fop.
e to

, O Vve—atary W ratn’ .AI aird ea TYVTeaves Tay 10 o1IratactTe any
time of the season when there is a visual sign for leaf damage and when it is difficult to verify the cause
of the damage. In this manner, it is easy to detect the source of the damage. This method should be used
due to lack of criteria for normal concentration of elements in crops leaves in a period out of the time
recommended for sampling.

The sampling method of leaves and the analytical methods techniques are not within the scope of this
document; therefore, users should examine the appropriate method for each crop in the professional
literature.
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Monitoring of the soil with regard to salinity

Soil sampling

Irrigating with TWW may lead to greater salt accumulation in the root zone and affect the plants. In
order to prevent crop damage and to optimize the irrigation management optimally, soil should be
monitored for salinity.

6.2

Frequency of the soil sampling

All
fres
cro
sea
in
tem

Agn
soll
cert

In
eva

Firs
Aftq
cha
freg

rrigation water contains salts. The concentration of soluble salts in TWW is usually hig
h water. Salts are added to the soil every time it is irrigated and accumulate in the(too
b removes much of the applied water to meet its evapotranspiration demand. During th
bon, a build-up of soil salinity can occur that depends on various factors: théysalt cof
rrigation water, soil texture and hydraulic characteristics, climate (evapotranspi
perature), irrigation method and irrigation regime.

icultural crops significantly differ in their tolerance to the concentrations of soluble salt

ain threshold of salinity value (plant tolerance) (see ISO 16075-1).

order to manage soil salinity, excess water should be applied when needed
potranspiration), to assure enough salt leaching. Monitoringsoil salinity is achieved by so

t sampling during irrigation season should be atythe beginning of each irrigati

Facteristics, irrigation regime and crop tolerange“to salinity. In general, sampling shou
juent when there is higher salt concentration_iny the TWW, the soil has higher clay conten

Vo

Sa
org
cha
give

Am
Majs

The

]

mes of irrigation water are applied or wherdhe crop has lower salt tolerance.

pling in soil for trace elements (heavy metals, pollutants of emerging concern and
hnic chemicals) should reflect the risk identified during project design (e.g. initial soil
Facterization). As monitoring is-acostly process a monitoring programme should be ¢
sound information at an affordable cost.

bng the best methods for ahalyzing trace elements from soil extracts is Inductively Coup
s Spectrometry (ICP-M§)21110],

most commonly réeommended sampling interval for soil monitoring is 10 years. Higher
 be adopted ifCsignificant risks of accumulation of one or several trace elements

may
idet
for
bo
sup|
the

itified. Trace€lement accumulation in soils in relation to uptake by plants depends on th

s of elemerits and their interactions with soil components (e.g. exchangeable, sorbe
nd, carbonate and sulfate forms). Their absorption and accumulation by plants depends
plyingthese elements to plant roots, on the rhizosphere environment and on the charad
plafittoot system.

er than in
[ zone. The
P irrigation
jcentration
fation and

b in the soil

tion around the root area. Soil salinity does not damage the crop;.as long as it does n¢t exceed a

(over the
| sampling.

DIl Season.

brwards, the soil should be sampled in the root zope at a frequency according to water quality, soil

|ld be more
t and large

persistent
and TWW
esigned to

led Plasma

frequency
have been
e chemical
d, organic-
on the soil
teristics of

a5 DECIT SITOWTT O 1Tave 0T

because it

affects the solubility of trace elements in soils. The pH effect is substantially more consistent than other
soil variables such as organic matter content, cation exchange capacity and soil texture. Trace element
toxicities to plants are more common in acid soils. Other soil components can also react to prevent trace
element movement such as clay, organic matter, hydrous iron and hydrous manganese oxides, organic
acids, amino acids, humic and fulvic acids.
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6.3 Sampling procedure

6.3.1 Drip irrigation

Soil samples should be taken along the drip lateral, at about 10 cm distance from the dripper, to depths
of 0 cm to 30 cm, 30 cm to 60 cm and 60 cm to 90 cm, or according to the crop root zone depth. The
upper 3 cm to 5 cm of the soil surface should be discarded.

For general cases without the high risk of salinization (quality of the water), limited soil sampling to the

root zone may be carried out. When salinization risk is very high, more detailed soil mapping sampling

Should be carried out Abhout 20 randamlu dictributed samnloc chaould he talkkon fram 2 nlat in arder tO
arriedout—About 20 randoml v distributed samples should be taken from a plotinorder

have a repiesentative and random composite sample.

Each comppsite sample of a certain depth should be put in a separate bag.

6.3.2 Sprinkler and micro-jet irrigation

Soil samplégs should be taken at about 70 cm to 100 cm distance from the micro-jet\and at about 10Q cm
to 120 cm distance from the mini-sprinkler. The distance should be within thé Bange of the dischdrge
and water fistribution of the emitter.

6.4 Sample preparation

The follow|ng steps describe the procedure on how to prepare the sample before its delivery to thelsoil
laboratory

a) Each cpmposite sample of a certain depth should be wellnrixed. Samples taken from the same d¢pth
at the different sampling points in a plot should be acgumulated in the same container (for example
a bucket) where they will be mixed well and from. which the composite to be sent to the laboratory
is extrpcted.

b) About|l kg of the mixed sample should be!put in a bag on which all details are recorded (ngme,
addreds, plot, crop, date of sampling, depth; etc.).

c¢) The samples should be delivered asisoon as possible to the laboratory.

6.5 Soiltest methods

The same depths and number-6f samples for a composite representative and random sample should be
taken as sgecified for drip-irFigation.

Soil test mgthods for analysis should be adapted to the characteristics of soils in each areal2/[10][11][{2],

7 Receivingenvironment monitoring

7.1 General

Source water monitoring should be required when a risk has been identified (e.g. surface and ground
water pollution, etc.) by a qualified technician (e.g. engineer or hydrogeologist).

Although reuse applications for irrigation purposes are intended to meet the evapotranspiration
requirements, TWW applied in excess, can contribute to groundwater and/or surface water flows.
Furthermore, TWW can contain residual levels of contaminants including dissolved metals, organics,
inorganics and pathogenic microorganisms that can be of concern with respect to the down-gradient
extraction of water that could be affected by these contaminants.
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If a risk has been identified, a receiving environmental water quality monitoring programme should
be established to monitor the influence of the TWW in down-gradient groundwater and surface water
body water quality to detect the presence and contribution of contaminants associated with the TWW.

NOTE According to regulations in many countries, specific monitoring of water bodies is required for both
drinking water protected area and sensitive zones.

7.2 Monitoring programme purpose

In order for a monitoring programme to be effective and relevant, it should address a specific question

or hypothesis
This monitoring programme should be designed in agreement with the risk identified |depending
on TWW quality, hydrological and geological context. It should discern between the influence of

TW|

up

sou
con

Ba

W applications and those of other sources (e.g. background contaminant coneentrati
bradient sources of contamination, geochemical contributions from the,$0il matrix,
'ce contributions in the area) and take into account expected seasonal variations in cq
Centration.

sed on the TWW characteristics (i.e. for projects with a higher risk level) monitoring plan

bns due to
and point
ntaminant

5 should be

more stringent and adapted to the local conditions of each region.

7.3| Groundwater sampling

The
sho

ber values)
hd location
bngineer or
1 hydraulic

monitoring of groundwater (network of piezometers, sampling frequency and trig
11d apply to a scheme with an identified risk on groundwater resources. The number a
of monitoring wells is site-specific and should be deteriined by a qualified technician (e.g. ¢
hy(rit‘ogeologist), taking into consideration the monitoring programme objectives and the so
conductivity variability.

Groundwater sampling stations should be(located in monitoring wells within the area ifrigated by

TW|W, as well as immediately up-gradient.and down-gradient of the area.

Thd
suff

" quality. A
ility.

purpose of the up-gradient monitoring wells is to assess the background groundwate
icient number of up-gradientwells should be installed to assess the degree of area varial

ase” water
rom TWW
hdient. The
f potential

The purpose of the monitoring/wells located within the irrigation area is to assess “worst-d
quallity conditions, as these-stations are more likely to detect contaminant contributions f
begfre those effects can‘be masked by dilution from other groundwater sources down-gr
monitoring wells withih the irrigation area also serve as an early warning indicator o

downstream grouhdwater impacts.

Thd acts of the

TW|

down-gradient monitoring wells provide verification of the overall water quality imp
W irrigation that can affect down-gradient groundwater extraction uses.

minimum
the entire

The piezometers should be located at a depth of at least 1 m lower than the expected

groundwater elevation at thatlocation, with the piezometer’s wall being perforated atleastim
section between the location’s minimum and maximum groundwater levels.

Sampling should be carried out by pumping a volume of at least 10 times the water volume found in the
piezometer or when the conductivity is stabilized (i.e. sampling will be active rather than passive).

Parameters, frequency and trigger values should be defined by a qualified technician on the basis of the
potential impact of TWW.

If negative impacts on downstream groundwater are detected, a thorough hydrological examination
should be conducted to identify the source of contamination. Corrective measures should be applied to
prevent further pollution and irrigation should be interrupted when justified.

Monitoring plans may be reviewed and the sampling frequency decreased when the monitoring results
show the absence of impact after a 3-year sampling procedure.
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